We have recently reported that silicone, poly(diorganosiloxane), participates in the palladiumcatalyzed cross-coupling reaction of aryl iodides in the presence of silver(I) oxide (Ag 2 O) or tetrabutylammonium fluoride (TBAF) as an activator.
1 This newly developed organosilicon reagent is also available for the rhodium-catalyzed carbon-carbon bond-forming reaction of ,-unsaturated carbonyl compounds. 2 These results demonstrated the synthetic utility of polysiloxane as a novel organosilicon reagent similar to silanols, silanediols, silanetriols, and other silane reagents. 3 Aryl chlorides are one of the most attractive substrates for the transition metal-catalyzed cross-coupling reaction due to the lower cost compared to aryl bromide or iodide counterparts. 4 Thus, our interest directed to modify the reaction protocol of silicone in order to cross-couple with aryl chlorides. In this paper, we describe a practical palladium-mediated biaryl-forming reaction of siloxane reagents with aryl chlorides. Initially, we performed the reaction of poly(phenylmethylsiloxane) (1) 1b with 1-chloro-4-methoxybenzene (2a) in the presence of 5 mol% of PdCl 2 (PCy 3 ) 2 , 5 which possessed electron-donating and bulky phosphine ligands and was shown to be effective for several cross-coupling reactions of aryl chlorides, using TBAF 6 as a common activating reagent for organosilicon compounds (Scheme 1). According to the procedure for the previously reported cross-coupling reaction of aryl iodides, 1a the reaction was carried out using an equimolar amount of TBAF relative to the silicon atom of 1 in toluene at 120 °C for 39 h. However, no coupling product was obtained at all (entry 1). Dramatic improvement was observed by addition of water to afford the desired cross-coupling product 3a in 65% yield (entry 2). Moreover, it is effective to stir the silicone 1 in the presence of TBAF/H 2 O at room temperature for 1 h before the addition of the palladium catalyst and 2a to accomplish the cross-coupling reaction giving 3a in 78% Scheme 1 yield (entry 3). On the other hand, we detected no coupling product with the palladium catalyst in the absence of a phosphine ligand or Pd(PPh 3 ) 4 (entries 4, 5). These results are explained in terms of the lower reactivity of aryl chlorides compared to that of aryl iodides toward a palladium complex.
7 Ethereal solvent such as 1,4-dioxane was similarly effective for the biaryl formation to furnish the desired coupling product in 81% yield (entry 6). Lowering the temperature to 70 °C also caused cross coupling to give 3a in 46% yield (entry 7) and increasing the amount of TBAF (2 equiv) resulted in lowering the yield of 3a (entry 8). 46 61 a Unless noted, the reaction was carried out using 1 (1.5 mmol; per unit), 2a (0.3 mmol), 5 mol% of palladium catalyst, and TBAF (1.5 mmol) in the presence of water (0.5 mL) for 39 h.
b The yield was determined by 1 H NMR using diphenylmethane as an internal standard. c The reaction was performed in the absence of water.
d Pd2dba3 (2.5 mol%) was employed.
e TBAF (3.0 mmol) was used.
We next investigated the effect of additive and found that fluoride-free cross-coupling reaction was achieved. The results are summarized in Table 2 . Cesium carbonate can be employed for this reaction to produce the crosscoupling product in 73% yield (entry 1). It should be noted that use of K 2 CO 3 lead to the complete consumption of 2a giving the 4-methoxybiphenyl (3a) in quantitative yield (entry 3). 8 The reaction with K 2 CO 3 also proceeded at lower temperature (100 °C) in 1,4-dioxane (entry 5). Another inorganic activator such as NaOH was applicable (entry 6). On the other hand, no coupling product was obtained when Ag 2 O was employed (entry 7). This result could be ascribed to the inferior interac- tion ability between silver and chloride compared with the iodide case. 3c A decrease in the amount of K 2 CO 3 from 2.0 to 1.0 equiv relative to 1 was found to be less effective giving a smaller amount of the cross-coupling product (entry 2). Similarly, the reaction was suppressed to some extent with increasing the amount of K 2 CO 3 from 2.0 to 3.0 (entry 4). Consequently, the present reaction was found to be significantly influenced by the amount of activator employed. During the course of our study on the palladiummediated cross-coupling reaction of silicone, we suggested that a certain oligomer, which was formed in situ by the activation of silicone with TBAF, might be involved in the cross-coupling reaction. 1 Thus, we examined favorable activating conditions of 1 with K 2 CO 3 . When 1 was treated with aqueous potassium carbonate at 120 °C for 1 h before addition of palladium catalyst and 2a, only 25% of the cross-coupling product was obtained. Addition of all reagents in one portion was also ineffective (10% yield). Moreover, the reaction was completely inhibited in the absence of water because of the low solubility of K 2 CO 3 in toluene. These results imply that stirring the mixture of silicone and aqueous potassium carbonate at rt for 1 h before addition of the palladium catalyst and an aryl chloride plays an important role in forming the active oligosiloxane to promote the crosscoupling reaction effectively. Under our optimized reaction conditions, various aryl chlorides were treated with 1 to provide the corresponding coupling products in moderate to excellent yields. As illustrated in Table 3 , aryl chlorides bearing an electron-donating or -withdrawing substituent on the aromatic ring underwent the coupling reaction in good yields. Sterically hindered aryl chloride 2c was also tolerated to produce the corresponding product 3c in 43% yield (entry 2).
A heteroaromatic substrate such as 2-chloroquinoline (2g) reacted to afford 3g in 68% yield (entry 6). Poly[methyl(2-phenylethenyl)siloxane] (4), which was prepared by hydrosilylation of poly(methylhydrosiloxane) (PMHS), 1a served as a substrate for the alkenylation to afford stilbene derivatives in good yields (entries 7,8) . In general, electron-deficient aryl chlorides are more reactive than electron-rich counterparts because the oxidative addition of the former will occur faster.
7 Never 
OMe Cl (2a) 97 8 4 2f 70 a Unless otherwise specified, the reaction was performed in toluene (3 mL) for 29-48 h at 120 °C using silicone (1.5 mmol), aryl chloride (0.3 mmol), 5 mol% of PdCl2(PCy3)2, and 3 mmol of K2CO3 in 0.5 mL of H2O.
b Determined by 1 H NMR analysis using diphenylmethane as an internal standard.
c The reaction was carried out using TBAF (1.5 mmol) in 1,4-dioxane at 100 °C. theless, the obtained results were rather unusual in that activated aryl chlorides like 2f or 2g still remained after 48 h (entries 5, 6) although unactivated chloroarenes such as 2b was completely consumed within 29 h under analogous conditions to give the coupling product in superior yields (entry 1). Such a phenomenon was also observed when 2a or 2f was used as a coupling partner of the cross-coupling reaction with alkenylsiloxane (after stirring for 48 h). These results suggest that ratedetermining step of the reaction using K 2 CO 3 between silicone and activated chloroarenes may not be oxidative addition of the aryl chloride but transmetalation of the organic group of the silicone reagent. 
